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(54) Three-dimensional, photocatalytic filter apparatus 



(57) A three-dimensional, photocatalytic filter appa- 
ratus is constituted by (a) a flow path means through 
which a fluid stream containing pollutants passes; (b) a 
plurality of porous filter plates each carrying a photocat- 
alyst for decomposing the pollutants; (c) a light source; 
and (d) at least one support member for arranging each 
porous filter plate in a path of the fluid stream in the flow 



Fig. 4 



path means, at such a three-dimensional position that 
each porous filter plate is inclined relative to both the 
fluid stream and the light source, to achieve sufficient 
contact with the pollutants and sufficient exposure to the 
light source. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a three- 
dimensional, photocatalytic filter apparatus for removing 
organic or inorganic pollutants in a gas or liquid stream 
by using a semiconductor photocatalyst 
[0002] Ever increasing use of petrochemicals has 
caused serious complex pollution or contamination in a 
living environment To solve the pollution and contami- 
nation problems, proposal has been made to provide a 
fluid purification method utilizing a photocatalytic oxida- 
tive decomposition of pollutants and pollutants by a 
semiconductor photocatalyst. For example, an appara- 
tus or instrument having a porous substrate supporting 
a semiconductor photocatalyst is placed in a flow path 
of a fluid stream containing pollutants to bring the pollut- 
ants into contact with the semiconductor photocatalyst 
to decompose them. 

[0003] In this method, to enhance the photocatalytic 
efficiency, it is needed to increase the photocatalytic 
surface area and to sufficiently activate the semicon- 
ductor photocatalyst with an electromagnetic wave hav- 
ing a wavelength capable of activating the 
photocatalyst Several proposals have been made to 
provide a method for increasing a photocatalytic surface 
area, thereby increasing the opportunity of contact 
between the pollutants and the semiconductor photo- 
catalyst, and a method for forming a photocatalyst layer. 
See Japanese Patent Laid-open No. 5-309267, Japa- 
nese Patent Laid-Open No. 8-196903, etc. 
[0004] Well known in the art is a method for forming 
a photocatalyst layer on a porous substrate such as a 
cluster of a structure having a large surface area (a 
cluster of sphere, etc.), a porous substrate (a non- 
woven fabric, a glass-wool, etc.), a spongy substrate, so 
as to increase the photocatalytic surface area. 
[0005] In this method, the porous substrate often 
absorbs or shuts out an activating light, thereby failing to 
activate the semiconductor photocatalyst deposited on 
an inner part of the porous substrate. When a cluster 
made of a silica glass, a soda glass, etc. or a glass wool 
is used as the porous substrate, the activating light 
reaches comparatively deeper inside. However, a diam- 
eter of the porous substrate is limited to 1 0-30 mm even 
in this case. The porous substrate having large light- 
shielding properties has a limited thickness of about 2 
mm or less. Therefore, this method cannot be widely 
used in various industrial applications. 
[0006] Some proposals also have been made to 
provide a shape of a photocatalytic filter and an 
arrangement of a photocatalytic filter. For example, Jap- 
anese Patent Laid-Open No. 7-108138 discloses a pho- 
tocatalytic filter apparatus in which photocatalyst- 
supporting slats are arranged in the form of a blind in a 
flow path of a fluid stream. Japanese Patent Laid-Open 
No. 8-121827 discloses a photocatalytic filter apparatus 



in which a photocatalyst-supporting. non-woven fabric 
bent in an angle bar shape is placed at the front and 
back of an ultraviolet lamp installed in a flow path of a 
fluid. Japanese Patent Laid-Open No. 9-187491 dis- 

5 closes a photocatalytic filter apparatus placed in a flow 
path of a fluid, the apparatus comprising a plurality of 
porous substrates each supporting a photocatalyst on 
both surfaces and radially fixed around a light source. 
Japanese Patent Laid-Open No. 9-248426 discloses a 

io movable, photocatalytic filter apparatus comprising a 
ultraviolet source placed inside a photocatalyst-support- 
ing, convex porous substrate for conveying or stirring a 
fluid. 

[0007] Pollutants contacting with the semiconductor 

is photocatalyst are oxidatively decomposed by activated 
radical or super oxide anion such as 1 0 2 , • OH, etc. If 
a large amount of pollutants were tried to be decom- 
posed by the conventional photocatalytic f ilter appara- 
tus mentioned above, the pollutants would not fully 

20 come into contact with the photocatalyst, suffering dis- 
advantages that it takes a lot of time to ensure contact 
of all the pollutants with the photocatalyst. It is difficult to 
increase permeability in the conventional photocatalytic 
filter apparatuses, while enhancing decomposition 

25 yield. Additionally, to enhance photocatalytic efficiency, 
a suitable activating light should sufficiently illuminate 
the semiconductor photocatalyst Therefore, the devel- 
opment of a photocatalytic filter apparatus capable of 
efficiently illuminating the semiconductor photocatalyst 

30 has been desired. 

[0008] In the oxidative decomposition of nitrogen 
compounds, sulfur compounds, chlorine compounds, 
etc., intermediate products tend to adhere to a surface 
of the semiconductor photocatalyst. Because the 

35 attached intermediate products should be removed 
from the semiconductor photocatalyst at regular inter- 
vals, the photocatalytic filter apparatus is required to 
have a structure capable of being easily cleaned to pre- 
vent reducing a decomposition-capacity thereof. 

40 

OBJECT AND SUMMARY OF INVENTION 

[0009] Accordingly, the first object of the present 
invention is to provide a three-dimensional, photocata- 

45 lytic filter apparatus having an increased photocatalytic 
surface area, thereby increasing contact between pol- 
lutants and a semiconductor photocatalyst. 
[001 0] The second object of the present invention is 
to provide a three-dimensional, photocatalytic filter 

50 apparatus ensuring adequate irradiation on the entire 
photocatalytic surface, and making good use of scat- 
tered light. 

[0011] The three-dimensional, photocatalytic filter 
apparatus and the three-dimensional, photocatalytic 
55 filler apparatus preferably have such a structure that 
impurities such as intermediate products, etc. attached 
thereto are easily removed. 

[001 2] As a result of intense research in view of the 
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above objects, the inventors have found the following 
facts: 

(1) When a plurality of porous filter plates are three- 
dimensionally assembled in such a manner that 5 
each filter plate is inclined relative to the fluid 
stream, sufficient contact is achieved between the 
fluid stream and the semiconductor photocatalyst, 
thereby removing the intermediate products effi- 
ciently. 10 

(2) Sufficient irradiation on the photocatalytic sur- 
face and enough utilization of scattered light are 
ensured: 



[0013] A component constituted by the support 
member and the photocatalytic filter will be called 
"three-dimensional, photocatalytic filter unit" below. 
[0014] The above objects are met by the three- 45 
dimensional photocatalytic filter apparatus defined in 
the claims. 

BRIEF DESCTRIPTION OF THE DRAWINGS 

50 

[0015] 



plate comprising a porous substrate and a porous 
layer according to the present invention; 
Fig. 2 is a schematic perspective view showing a 
three-dimensional, photocatalytic filter apparatus 
according to one embodiment of the present inven- 
tion; 

Rg. 3 is a cross-sectional view showing the same 
three-dimensional, photocatalytic filter apparatus 
as in Fig. 2; 

Rg. 4 is a cross-sectional view showing a three- 
dimensional, photocatalytic filter apparatus accord- 
ing to another embodiment of the present invention; 
Rg. 5 (a) is a front view showing a three-dimen- 
sional, photocatalytic filter apparatus according to a 
further embodiment of the present invention; 
Rg. 5 (b) is a cross-sectional view taken along the 
line A-Ain Fig. 5(a); 

Rg. 6 is a front view together with a plan view and a 
side view each showing a three-dimensional, pho- 
tocatalytic filter apparatus according to a still further 
embodiment of the present invention; 
Rg. 7 is a front view showing a three-dimensional, 
photocatalytic filter apparatus according to a still 
further embodiment of the present invention; 
Rg. 8 is a side view showing of a three-dimen- 
sional, photocatalytic filter apparatus according to a 
still further embodiment of the present invention; 
Rg. 9 is a cross-sectional view showing a three- 
dimensional, photocatalytic filter apparatus accord- 
ing to a still further embodiment of the present 
invention; 

Rg. 10 is a perspective view showing a three- 
dimensional, photocatalytic filter element in the 
three-dimensional, photocatalytic filter apparatus of 
Rg. 9; 

Rg. 1 1 is a front view showing one type of a support 
member in the three-dimensional, photocatalytic fil- 
ter element of Fig. 10; 

Rg. 1 2 is a schematic view showing the structure of 
the three-dimensional, photocatalytic filter unit of 
Rg. 10; 

Rg. 13 is a front view showing another type of a 
support member for a three-dimensional, photocat- 
alytic filter unit; 

Rg. 14 is a perspective view showing a three- 
dimensional, photocatalytic filter apparatus accord- 
ing to a still further embodiment of the present 
invention; and 

Rg. 15 is a partial, cross-sectional view showing a 
three-dimensional, photocatalytic filter apparatus 
according to a still further embodiment of the 
present invention. 



(a) when at least one three-dimensional, 15 
porous filter plate is arranged around a light 
source; 

(b) when a plurality of inclined, porous filter 
plates are three-dimensionally assembled 
around a light source and axially placed in a 20 
pipe through which contaminant-containing 
fluid flows, in such a manner that a surface of 
each filter plate is sufficiently exposed to the 
light, and that sufficient contact is achieved 
between the fluid stream and the semiconduc- 25 
tor photocatalyst; 

(c) when a porous filter plate providing a suffi- 
cient contact of a fluid stream with a semicon- 
ductor photocatalyst, constituted by a porous 
substrate and a porous layer made of a metal 30 
material and a photocatalyst layer; a support 
member equipped with a light source therein; 
and a pipe in which a fluid stream flows in an 
axial direction, the porous substrate being a 
wire cloth of plain weave, the porous layer 35 
being sintered-metal layer disposed on the 
porous substrate, the porous filter plate and the 
support member being placed in the pipe, the 
porous filter plate being fixed around the sup- 
port member spirally. <o 



Fig. 1 (a) is a schematic, partial, cross-sectional 
view showing one example of a porous filter plate 
comprising a porous substrate and a porous layer 55 
according to the present invention; 
Fig. 1 (b) is a schematic, partial, cross-sectional 
view showing another example of a porous filter 



3 



5 



EP 0 993 859 A1 



6 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[1] Porous filter plate 

[0016] A porous filter plate for the three-dimen- 
sional, photocatalytic filter apparatus of the present 
invention is constituted by a porous substrate, a porous 
layer composed of fine particles fixed onto at least one 
surface of the porous substrate, and a photocatalyst 
layer deposited on the surface of the porous layer. 

(A) Porous substrate 

[001 7] As shown in Figs. 1 (a) and (b), a porous sub- 
strate 20 of each filter plate 2 has a lot of pores 21 
through which a fluid (gas or liquid) containing pollut- 
ants passes. Fine particles 22 are deposited onto a sur- 
face of the porous substrate 20 to form a porous layer 
23 to such an extent that the pores 21 are sufficiently 
covered by the porous layer 23 of fine particles 22. 
[0018] In Figs. 1 (a) and (b), "S" represents a sur- 
face area of a region of the porous substrate 20 that is 
exposed to an activating light, "a" represents amount of 
a fluid stream F passing through the porous substrate 
20 per a unit time, "b" represents a surface area of a 
region of the porous layer 23 between adjacent pores 
21 , and "c" represents a surface area of the side of the 
porous substrate 20. Assuming that the filter plate 2 is 
irradiated with the activating light L from both sides, 
from above and below in Fig. 1 , the porous substrate 20 
preferably has such a structure as to provide a maxi- 
mum ratio b/S and a minimum ratio of c/S. Accordingly, 
the structure shown in Fig. 1 (a) is more preferable than 
that shown in Fig. 1 (b). 

[001 9] The porous substrate 20 may be constituted 
by a net or mesh of wires, a perforated sheet, etc. in this 
case, the wire and the perforated sheet are preferably 
made of metals such as Fe or its alloys such as auste- 
nitic stainless steel (SUS304, SUS310, SUS316, etc.); 
A! or its alloys such as Al-Si-Mg alloy; Ti or its alloys 
such as Ti-Mn alloy and Ti-Cr alloy; and Cu or its alloys. 
When Fe or Fe alloy is used for the porous substrate 20, 
a non-oxydizing film such as iron oxide is preferably 
formed on a surface of the porous substrate 20. The 
porous substrate 20 may also be constituted by a 
porous ceramic, glass, metal or plastic sheet. 

(B) Porous layer 

[0020] The porous layer 23 is formed on a surface 
of the porous substrate 20 to increase a surface area 
thereof. The porous layer 23 may be composed of fine 
particles 22 of ceramics, glass, metals, plastics, etc. 
The fine particles 22 are preferably Fe or its alloys such 
austenitic stainless steel (SUS304, SUS310. SUS316. 
etc.); Al or its alloys such as Al-Si-Mg alloy; Ti or its 
alloys such as Tl-Mn alloy and Ti-Cr alloy; and Cu or its 



alloys. The materials for the fine particles 22 are prefer- 
ably the same as those of the porous substrate 20. 
[0021] Fine particles having extremely small sizes 
are expensive, while those having too large sizes fail to 

5 provide the porous layer 23 with a sufficient surface 
area. Accordingly, the average diameter of the fine par- 
ticles 22 is preferably 1 0-400 *im. The shapes of the fine 
particles 22 are not strictly limited, and they may have 
regular shapes such as sphere and granule or irregular 

10 shapes with sharp ends as in angular particles. The fine 
particles 22 may also be flaky. 
[0022] To integrally fuse the fine particles 22 to the 
porous substrate 20, the fine particles 22 and the 
porous substrate 20 are preferably made of the same 

15 metals. When different materials are used, it is prefera- 
ble to use suitable binders to securely adhere the fine 
particles 22 to the porous substrate 20. In this case, the 
different materials are preferably combined such that 
their linear thermal expansion coefficients are substan- 

20 tially equal or near to each other, or one of the materials 
is preferably easily stretchable to absorb the thermal 
expansion of the other material. The binder may be inor- 
ganic glass, frit, metal powder, thermoplastic resins, etc. 
[0023] The porous layer 23 may be formed on the 

25 porous substrate 20 by applying a slurry of fine particles 
22 in a liquid medium such as water, alcohol or a mix- 
ture thereof (solid content: 60-80 weight %) to a surface 
of the porous substrate 20, drying the resultant coating, 
and sintering the fine particles 22. 

30 [0024] The fine particles 22 are preferably applied 
onto the porous substrate 20 by dipping, spraying, 
screen-printing, etc. The application of the fine particles 
22 may be carried out several times. 
[0025] The sintering temperature of the fine parti- 

35 cles 22 may be selected depending on a material 
thereof When the sintering temperature is too low, the 
resultant porous substrate 23 does not have a sufficient 
sintering density, resulting in poor mechanical strength. 
On the other hand, when the sintering temperature is 

40 equal to or higher than the melting point of the fine par- 
ticles 22, the fine particles 22 are melted, resulting in 
coarse pores in the porous substrate 23. Specifically, 
the sintering temperature is preferably 800-1000 ° C for 
SUS, Ti alloys and Cu alloys, and 300-400 °C for alumi- 

45 num alloys. 

[0026] The porous layer 23 has a pore size prefera- 
bly in the range of 5-1000 urn. If the pore size of the 
porous layer 23 were more than 1000 urn, dust would 
not be filtered out. When the thickness of the porous 

so layer 23 is less than 10 jrni, the porous layer 23 has 
insufficient mechanical strength. On the other hand, 
when the thickness of the porous layer 23 exceeds 100 
lim, the porous layer 23 is highly resistant to a fluid flow, 
causing excessive pressure loss. Therefore, the thick- 

55 ness of the porous layer 23 is preferably 1 0-1 00 jim. 
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(C) Photocatalyst layer 

[0027] Semiconductor photocatalysts usable in the 
present invention include Ti0 2 . ZnO. SrTi0 3 , CdS. CdO. 
CaP, InR ln 2 0 3 . CaAs, BaTi0 3 , K 2 Nb0 3 , Fe 2 0 3 , Ta 2 0 5 , 
W0 3 , Sn0 2 , Bi 2 0 3 , NiO, Cu 2 0. SiC, Si0 2l MoS^ MoS^ 
InPb. Ru0 2 , Ce0 2 , etc. Most preferable among them is 
anatase-type Ti0 2 because of low cost, high stability 
and harmlessness to human body. 
[0028] The semiconductor photocatalyst may be 
coated on the porous layer 23 by spraying, dipping, etc. 
of a sol of a semiconductor photocatalyst such as Ti0 2 . 
After coating and drying, the semiconductor photocata- 
lyst is securely bound to the fine particles 22 by baking 
preferably at 50-500 °C. 

[0029] When the semiconductor photocatalyst sol 
contains amorphous peroxytitanic acid or titanium oxide 
at a dry weight ratio of 1 :1 to 1 :5 on the basis of a tita- 
nium element to the semiconductor photocatalyst, the 
semiconductor photocatalyst is securely deposited on 
the fine particles 22 at relatively low temperatures. Fur- 
ther, small amounts of Pt, Ag, Rh, Ru0 2 , Nb, Cu, Sn, 
NiO. etc. may be added to provide antibacterial proper- 
ties and mildew resistance to the resultant photocatalyst 
layer, also, to enhance the photocatalytic oxida- 
tive/reductive decomposition of pollutants in the fluid 
stream F, inorganic substances such as zeolite, silica, 
alumina, zinc oxide, magnesium oxide, rutile-type tita- 
nium oxide, zirconium phosphate, etc., activated car- 
bon, porous phenol resins, and porous melamine resins 
may be added. 

[0030] A primer layer may preferably be formed on 
the porous layer 23 by spraying a hydrosol of titanium 
peroxide, etc. before forming the semiconductor photo- 
catalyst layer on the fine particles 22. The titanium per- 
oxide primer layer provides the fine particles 22 with 
enough wettability, so that the semiconductor photocat- 
alyst sol is evenly distributed on the fine particles 22. 
[0031] The titanium peroxide primer layer is also 
effective for the porous substrate 20 and the fine parti- 
cles 22 both made of a metal such as stainless steel, 
because they are made well wettable with the semicon- 
ductor photocatalyst sol. Titanium peroxide also serves 
as a binder. Since titanium peroxide contains no 
ceramic components, it has high affinity for a metal, 
ensuring the semiconductor photocatalyst to securely 
adhere to the fine metal particles 22 via titanium perox- 
ide. As a result, the photocatalyst would not be 
detached from the porous layer 23, even when the filter 
plate 2 is deflected or vibrated. 

(D) Application of porous filter plate 

[0032] The porous filter plate may be formed in var- 
ious shapes depending on its use, and it may be curved 
or twisted, if necessary. In one embodiment, the photo- 
catalyst layer may be formed on both sides of the 
porous substrate 20. In this case, light sources are pref- 



erably placed on both sides of the porous filter plate 2 
so that both surfaces of the porous filter plates 2 are 
irradiated at the same time. 

[0033] Since the porous filter plate 2 comprises the 

5 porous substrate 20, it may serve not only as a filter ele- 
ment but also as a porous partition. For example, the 
porous filter plate 2 may be utilized for cleaning the air in 
a closed chamber or room. When a part of inner wall of 
a closed chamber of a refrigerator, etc. is formed with a 

10 porous, photocatalytic filter plate, and when the air is 
circulated in the closed chamber through the porous fil- 
ter plate, undesirable substances such as ethylene, 
which ages vegetables and fruits, and smell substances 
such as hydrogen sulfide, mercaptan, etc. can be 

is removed from the air. Since the inner wall serves as a 
filter, no additional filter is needed, permitting the maxi- 
mum use of an internal space of the chamber. 
[0034] In addition to the f luid-cleani ng functions, the 
porous, photocatalytic filter plate exhibits a sound- 

20 absorbing function, a vision-shielding function, a 
defoaming function, and a wave-absorbing function. 
[0035] When the porous, photocatalytic filter plate 
is used as a sound barrier between a sidewalk and a 
roadway, the sound-absorbing effect is obtained in addi- 

25 tion to the photocatalytic decomposition of pollutants 
such as NO x and SO x in the air. The traffic noise is 
reduced because the propagation energy of sound 
wave is absorbed by the porous, photocatalytic filter 
plate while passing through the complicated porous 

30 structure thereof. The photocatalytic filter exhibiting the 
shielding effect may be used as a blind, a partition, etc. 
[0036] The wave motion of a liquid stream brings 
pollutants to uneven oontact with the porous, photocat- 
alytic filter plate 2. However, the liquid stream passing 

35 through the porous, photocatalytic filter plate 2 ensures 
uniform contact of pollutants with the photocatalyst. 
Bubbles on a surface of the liquid stream may cover the 
photocatalytic surface, preventing enough contact 
between the pollutants and the photocatalytic surface. 

40 As the liquid stream penetrates into the porous, photo- 
catalytic filter plate 2, bubbles are divided to finer ones 
due to the complicated porous structure of the filter 
plate 2, thereby preventing the photocatalytic surface 
from being covered by the bubbles. 

45 [0037] The porous filter plate 2 may also be used as 
a filter for an air-conditioning system, a filter for a waste 
gas-treating apparatus, a building component such as 
wallboard, a wall material for algae-free aquarium and 
swimming pool, etc. 

50 

[2] Thee-dimensional, photocatalytic filter apparatus 

[0038] In one embodiment shown in Figs. 2 and 3, 
the three-dimensional, photocatalytic filter apparatus 1 
55 comprises a plurality of porous filter plates 2 inclined in 
the same direction at an angle of 0 1 relative to the direc- 
tion of the fluid stream F and arranged at a regular inter- 
val in a longitudinal direction, and flow path means 3, 3' 
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for defining a flow path of the fluid stream F. Both ends 
of each porous filter plate 2 are supported by support 
members (not shown). The fluid stream F flows through 
a plurality of the inclined porous filter plates 2. Light 
sources are positioned on both sides of the flow path 5 
means 3, 3' such that both surfaces of each porous filter 
plate 2 is exposed to an activating light L. The inclination 
angle 8 t is preferably 15-75°, more preferably 30-60°, 
particularly 45°. 

[0039] When pollutants such as nitrogen com- 10 
pounds, sulfur compounds, chlorine compounds, etc. 
are decomposed by the photocatalyst carried by the 
porous filter plate 2, intermediate products formed dur- 
ing their decomposition reaction tend to attach to the 
surface of the semiconductor photocatalyst. Because 15 
the intermediate products should be removed regularly, 
the three-dimensional, photocatalytic filter apparatus 
should have a structure permitting easy cleaning of the 
porous filter plates 2 to maintain their decomposition 
capacity. Thus, the three-dimensional, photocatalytic f il- 20 
ter apparatus preferably has such a structure that water, 
weak acidic water, etc. can easily be injected to remove 
the intermediate products. 

[0040] In another embodiment shown in Fig. 4, a 
porous filter plate 2 is corrugated at an angle of 8 2 rela- 25 
tive to the direction of the fluid stream F, and light 
sources are placed on both sides of flow path means 3, 
3'. The corrugating angle e 2 is preferably 15-75°, more 
preferably 30-60°, particularly 45°. 

[0041] A three-dimensional, photocatalytic filter 30 
apparatus shown in Figs. 5 (a) and (b) has a honey- 
comb structure constituted by two groups of porous filter 
plates 2a, 2b. Each porous filter plate 2a in one group is 
inclined by an angle 6 3 relative to the fluid stream F (see 
Fig. 5 (a)), and rotated around its axis by an angle e 5 35 
(see Fig. 5 (b)). Likewise, each porous filter plate 2b in 
the other group is inclined in the opposite direction by 
an angle 9 4 relative to the fluid stream F (see Fig. 5 (a)), 
and rotated around its axis by an angle 0 6 (see Fig. 5 
(b)). Each of the inclination angles e 3 and 6 4 is prefera- 40 
Wy 15-75°. more preferably 30-60°, particularly 45°. 
Also, each of the rotation angles 0 5 and 0 6 is preferably 
15-75°, more preferably 30-60°, particularly 45°. With 
such arrangement of the porous filter plates 2a, 2b, both 
surfaces of each porous filter plate 2a. 2b are suffi- 45 
ciently exposed to an activating light L 
[0042] Rg. 6 shows a three-dimensional, photocat- 
alytic filter apparatus according to a further embodiment 
having two groups of porous filter plates 2c, 2d assem- 
bled in a lattice structure. Light sources (not shown) are so 
disposed on both sides of the porous filter plates 2c, 2d. 
The porous filter plates 2c in one group extend vertically 
and are rotated around their axes by an angle 87. The 
porous filter plates 2d in the other group extend horizon- 
tally and are rotated around their axes by an angle 8 8 . 55 
Each of the inclination angles e 7 and e 8 is preferably 15- 
75°. more preferably 30-60°. particularly 45°. Thus, both 
of he porous filter plates 2c, 2d are sufficiently exposed 



to an activating light. 

[0043] Fig. 7 shows a three-dimensional, photocat- 
alytic filter apparatus according to a still further embod- 
iment having three groups of porous filter plates 2e. 2f, 
2g; porous filter plates 2e, 2f being assembled in a lat- 
tice structure, and oblique porous filter plates 2g cross- 
ing the porous filter plates 2e, 2f. Light sources (not 
shown) are disposed on both sides of the porous filter 
plates 2e, 2f, 2g. As is dear from Rg. 7, all of the porous 
filter plates 2e. 2f, 2g are inclined relative to the fluid 
stream F and an activating light (not shown). The incli- 
nation angles 89 is typically 45°. Thus, all of the porous 
filter plates 2e. 2f, 2g are sufficiently exposed to an acti- 
vating light. 

[0044] Fig. 8 schematically shows a three-dimen- 
sional, photocatalytic filter apparatus according to a still 
further embodiment having a plurality of porous filter 
plates 2i arranged around a light source 4 and spirally 
extending along the axis of the light source 4. The 
porous filter plates 2i are contained in a cylindrical pipe 
5. Each porous filter plate 2i is inclined by an angle of 
30°, for example, relative to the radial direction of the 
light source 4 (the activating light direction). 
[0045] Fig. 9 shows a three-dimensional, photocat- 
alytic filter apparatus 10 according to a still further 
embodiment, and Fig. 10 shows a photocatalytic filter 
unit 8 contained in the three-dimensional, photocatalytic 
filter apparatus 10 of Rg. 9. Fig. 11 shows a support 
member 9 contained in the photocatalytic fitter unit 8 of 
Fig. 10, and Rg. 12 schematically shows the inclination 
of porous filter plates 2j in the photocatalytic filter unit 8. 
[0046] Referring to Fig. 9, the three-dimensional, 
photocatalytic filter apparatus 10 comprises a cylindri- 
cal pipe 5 having an inlet 5a and an outlet 5b for a fluid 
stream F, a light source 7 positioned at a center of the 
cylindrical pipe 5, and a three-dimensional, photocata- 
lytic filter unit 8 disposed between the cylindrical pipe 5 
and the light source 7. Both ends of the light source 7 
are supported by sockets 6, 6' fixed to the cylindrical 
pipe 5. The light source 7 may be a lamp having a wave- 
length of 360-390 nm, such as a black light, a fluores- 
cent light, etc. A fan 15 is mounted inside the cylindrical 
pipe 5 upstream of the three-dimensional, photocata- 
lytic filter unit 8 to generate a fluid stream F. 
[0047] Referring to Fig. 10, the three-dimensional, 
photocatalytic filter unit 8 is constituted by three daisy 
wheel-shaped, support members 9 and a plurality of 
porous filter plates 2j supported by the support mem- 
bers 9. The porous filter plates 2j spirally extend along 
the axis of the light source 7 with inclination relative to 
the radial direction of the light source 7. 
[0048] Each support member 9 is constituted by an 
annular frame 91 and a plurality of petal portions 92 pro- 
jecting from the annular frame 91 . Each petal portion 92 
is inclined by an angle of 0 10 relative to the radial direc- 
tion X of the light source 7. Each petal portion 92 has a 
radial groove or slit 92a for receiving an end of each 
porous filter plate 2j. 
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[0049] The radial inclination angle 8 10 is preferably 
determined such that the maximum exposure of each 
porous filter plate 2j to the light source 7 is achieved. 
The maximum radial inclination angle 0 10 can geometri- 
cally be determined by the number of the porous filter 
plates 2j and the width (radial length) of each porous fil- 
ter plate 2j. A typical radial inclination angle 6 10 is 30° 
for 24 porous filter plates 2j. 

[0050] Referring to Fig. 12, the larger the longitudi- 
nal inclination angle 6^, the likelier the fluid stream F 
comes to contact with the photocatatyst layer of each 
porous filter plate 2j. However, too large longitudinal 
inclination angle 0^ ^ makes the working of the porous fil- 
ter plates 2j difficult. For example, the longitudinal incli- 
nation angle e u is preferably 15-45° for 24 porous filter 
plates 2j. 

[0051] Fig. 13 shows another support member 90. 
The support member 90 comprises a disc frame 95, and 
a plurality of radial projections 96 with a gap 97 between 
adjacent radial projections 96. An end of the porous fil- 
ter plate 2j is supported by each gap 97. In this exam- 
ple, the support member 90 has 24 gaps 97 for 
supporting 24 porous filter plates 2j. 
[0052] Returning to Figs. 9-1 2, pollutants in the fluid 
stream F such as an exhaust gas, etc. passing through 
the cylindrical pipe 5 come into contact with the porous 
filter plates 2j and are oxidatrvely decomposed by the 
semiconductor photocatalyst activated by activating 
light from the light source 7. Because each porous filter 
plate 2j is inclined relative to the light source 7, the pho- 
tocatalyst layer can be uniformly and fully irradiated by 
ultraviolet, thereby ensuring the uniform activation of the 
semiconductor photocatalyst. 

[0053] When nitrogen compounds, sulfur com- 
pounds, chlorine compounds, etc. are oxidatively 
decomposed by the photocatalyst, intermediate prod- 
ucts adhere to a surface of the photocatalyst layer. In 
this case, the three-dimensional, photocatalytic filter 
unit 8 is taken out of the cylindrical pipe 5 and washed 
with water, weak acidic water, etc. 
[0054] In the third example of the present invention, 
there is provided a three-dimensional, photocatalytic fil- 
ter apparatus constituted by a porous filter plate provid- 
ing a sufficient contact of a fluid stream with a 
semiconductor photocatalyst, constituted by a porous 
substrate such as a wire net or mesh, and a porous 
layer constituted by sintered fine metal particles, and a 
photocatalyst layer; a support member supporting a 
light source; and a pipe through which a fluid stream 
flows in an axial direction. The porous filter plate and the 
support member are placed in the pipe, and the porous 
filter plate is fixed around the support member spirally. 
[0055] Fig. 14 shows a three-dimensional, photo- 
catalytic filter apparatus comprising a plurality of frusto- 
conical filter plates 2h arranged around a light source 4 
and supported by support members (not shown). The 
photocatalytic surface of each frustoconical filter plate 
2h is inclined relative to the fluid stream F by an angle of 



preferably 15-75°, more preferably 30-60°, particularly 
45°. 

[0056] Fig. 15 shows a three-dimensional, photo- 
catalytic filter apparatus 100 having a three-dimen- 

5 sional, photocatalytic filter unit 108 comprising a 
plurality of spiral porous filter plates 2k fixed to a support 
member 109 disposed around a light source 7. The spi- 
ral porous filter plates 2k are inclined relative to the fluid 
stream F and an activating light emitted from the light 

w source 7 both by an angle of preferably 15-75°, more 
preferably 30-60°, particularly 45°. 
[0057] Pollutants in a fluid stream such as an waste 
water, etc. penetrating into the cylindrical pipe 5 comes 
into contact with the porous filter plate 2k, and is oxida- 

15 tively decomposed by semiconductor photocatalysts 
activated by activating light from a light source 7, and 
then the cleaned air is discharged. 
[0058] The pipe is preferably made of a material 
reflecting activating light irradiated from the light source. 

20 In the case of illuminating a near ultraviolet ray, the pipe 
is preferably made of an Al alloy, a stainless steel, etc. 
Additionally, it is preferred that a photocatalyst layer is 
formed on the inner surface of the pipe to increase 
decomposition-efficiency. The pipe preferably has a 

25 window with a light transmission properties. 

[0059] The above-mentioned, three-dimensional, 
photocatalytic filter apparatuss and the three-dimen- 
sional, photocatalytic filter apparatuses may be fixed, 
vibrated or rotated in a fluid stream. With respect to the 

30 three-dimensional, photocatalytic filter apparatuss and 
the three-dimensional, photocatalytic filter apparatus of 
the present invention, the fluid stream is preferably intro- 
duced in a longitudinal direction. 
[0060] As described above in detail, a three-dimen- 

35 sional, photocatalytic filter apparatus of the present 
invention is porous with a large photocatalytic surface 
area, thereby ensuring enough contact between pollut- 
ants in the fluid steam and the semiconductor photocat- 
alyst. It may have a structure from which intermediate 

40 products attached thereto are easily removed. 

[0061] A three-dimensional, photocatalytic filter 
apparatus of the present invention is constituted by a 
porous, photocatalytic filter providing a sufficient con- 
tact of a fluid stream with a semiconductor photocatalyst 

45 and a light source placed therein. It may have a com- 
pact structure, and ensure adequate irradiation over the 
entire photocatalytic surface to efficiency activate the 
semiconductor photocatalyst, and make good use of 
scattered light. 

50 

Claims 

1 . A three-dimensional, photocatalytic filter apparatus 
comprising a plurality of porous filter plates each 
55 carrying a photocatalyst for de-composing pollut- 
ants in a fluid stream which comes into contact with 
said filter plates, said filter plates being arranged in 
a path of said fluid stream such that each filter plate 
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is inclined relative to both said fluid stream and a 
light source, to achieve sufficient contact with said 
pollutants and sufficient exposure to said light 
source. 

2. The apparatus of claim 1, wherein said flow path 
means is constituted by a pair of parallel, transpar- 
ent sheets, and said light source is disposed out- 
side at least one of said sheets. 

3. The apparatus of any preceding claim, wherein 
each of said filter plates is inclined by 15 to 75° rel- 
ative to said fluid stream and by 1 5 to 75° relative to 
said light source. 

4. The apparatus of claim 1 or 2, wherein said filter 
plates intersect each other in a lattice pattern, such 
that ail of them are inclined relative to both said fluid 
stream and said light source, to achieve sufficient 
contact with said pollutants and sufficient exposure 
to said light source. 

5. The apparatus of claim 4, wherein said filter plates 
are inclined in one direction by 15 to 75° relative to 
said light source in the other direction by 75 to 15° 
relative to said light source. 

6. A three-dimensional, photocatalytic filter apparatus 
comprising 

(a) a flow path means through which a fluid 
stream containing pollutants passes; 

(b) a plurality of porous filter plates each carry- 
ing a photo-catalyst for decomposing said pol- 
lutants; 

(c) a light source; and 

(d) at least one support member for arranging 
each filter plate in a path of said fluid stream in 
said flow path means at such a three-dimen- 
sional position that each fitter plate is inclined 
relative to both said fluid stream and said light 
source, to achieve sufficient contact with said 
pollutants and sufficient exposure to said light 
source. 

7. The apparatus of claim 6. wherein said flow path 
means is a pipe having a longitudinal axis along 
which an elongated light source extends, and a plu- 
rality of said filter plates extend in said pipe spirally 
around said light source in parallel therewith, said 
filter plates being fixed to said support member 
such that each of them is inclined relative to both 
the axial and radial directions of said flow path 
means. 

8. The apparatus of claim 6 or 7, wherein all filter 
plates extend spirally at an angle of 15 to 75° rela- 
tive to the axial direction of said light source and are 



inclined at an angle of 1 5 to 75° relative to the radial 
direction of said light source. 

9. The apparatus of claim 7 or 8. wherein said pipe is 
5 made of a material reflecting an activating light 

emanating from said light source and has a photo- 
catalyst layer on its inner surface. 

10. The apparatus of any one of claims 6 to 9, wherein 
w said support member is an integral daisy-wheel 

shaped member having an annular frame and a 
plurality of radially inclined petal portions projecting 
from said frame, each of said petal portions having 
a slit or groove for supporting an end of each filter 
75 plate. 

1 1 . The apparatus of any one of claims 6 to 9, wherein 
said support member is a disc frame having a plu- 
rality of radially inclined slits or grooves each sup- 

20 porting an end of each filter plate. 

1 2. A three-dimensional, photocatalytic filter apparatus 
comprising 

25 (a) a flow path means through which a fluid 

stream containing pollutants passes; 
(b) a plurality of frustoconical porous filter 
plates each carrying a photocatalyst for 
decomposing said pollutants; 

30 (c) an elongated light source extending along 

the axis of said flow path means; and 
(d) a support member disposed round said light 
source for arranging said fitter plates longitudi- 
nally in said flow path means, whereby a coni- 

35 cal surface of each filter plate is inclined 

relative to both said fluid stream and said light 
source, to achieve sufficient contact with said 
pollutants and sufficient exposure to said light 
source. 

40 

13. A three-dimensional, photocatalytic filter apparatus 
comprising 

(a) a flow path means through which a fluid 
45 stream containing pollutants passes ; 

(b) a corrugated porous filter plate carrying a 
photocatalyst for decomposing pollutants and 
disposed in said flow path means; and 

(c) a light source disposed outside at least one 
so side of said flow path means, whereby said fil- 
ter plate is inclined relative to both said fluid 
stream and said light source, to achieve suffi- 
cient contact with said pollutants and sufficient 
exposure to said light source. 

55 

14. The apparatus of claim 13, wherein said flow path 
means is constituted by a pair of parallel, transpar- 
ent sheets, and said light source is disposed out- 
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side at least one of said sheets. 

1 5. The apparatus of claim 1 3 or 1 4, wherein each part 
of said corrugated filter plate is inclined by 1 5 to 75° 
relative to said fluid stream and by 1 5 to 75° relative 5 
to said light source. 

16. A three-dimensional, photocatalytic filter apparatus 
comprising 

10 

(a) a flow path means through which a fluid 
stream containing pollutants passes; 

(b) a spiral porous filter plate carrying a photo- 
catalyst for decomposing said pollutants; 

(c) an elongated light source extending along 75 
the axis of said flow path means; and 

(d) a support member disposed around said 
light source for arranging said spiral filter plate 
longitudinally in said flow path means, whereby 

a surface of said filter plate is inclined relative 20 
to both said fluid stream and said light source, 
to achieve sufficient contact with said pollutants 
and sufficient exposure to said light source. 

17. The apparatus of claim 12 or 16, wherein said flow 25 
path means is a pipe having a longitudinal axis 
along which said elongated light source extends. 

18. The apparatus of any one of claims 16 or 17, 
wherein a surface of said fitter plate is inclined by 1 5 30 
to 75° relative to the axial direction of said light 
source and by 15 to 75° relative to the radial direc- 
tion of said light source. 

19. The apparatus of any one of claims 1 , 6. 7, 12, 16 35 
and 17, wherein the or each filter plate is consti- 
tuted by a porous substrate, a porous layer of fine 
particles deposited on at least one surface of said 
substrate, and a photocatalyst layer deposited on a 
surface of said porous layer. 40 

20. The apparatus of any preceding claim, wherein said 
substrate and/or said porous layer is made of Fe, 
Al, Ti, Cu. alloys of these metals or stainless steel. 

45 

21 . The apparatus of any one of claims 1 to 19, wherein 
said substrate is constituted by a net or mesh of 
metal wires or a perforated metal sheet. 

22. A photocatalytic filter plate for removing pollutants so 
in a fluid stream, said filter plate comprising a 
porous substrate, a porous layer of fine particles 
deposited on at least one surface of said substrate, 
and a photocatalyst layer deposited on a surface of 
said porous layer for decomposing said pollutants. 55 
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